Introduction
============

Many supraglottic airway devices (SGAs) have been developed and widely used for mechanically ventilated patients during surgery and as a valuable rescue airway tool in emergency airway management, since the LMA (laryngeal mask airway, LMA classic™, LMA North America Inc., San Diego, USA) was developed and introduced in the early 1980s by Brain \[[@B1]\].

The SLIPA (streamlined liner of the pharyngeal airway, SLIPA™, SLIPA Medical Ltd., London, UK) is a relatively new, single-use SGA made of soft plastic. The SLIPA is regarded to be more advantageous than LMA, because it provides a higher oropharyngeal leak pressure, better protection from regurgitated liquid and less perilaryngeal gas leakage \[[@B2]-[@B4]\]. In addition, it requires fewer steps than LMA for placement because it can be inserted without cuff inflation or a bite-block, therefore making SLIPA easier to insert than the LMA by novice personnel \[[@B5]\]. However, there are few reports about the usefulness of SLIPA as a primary SGA for novice personnel during surgery under general anesthesia. The purpose of this study was to compare the SLIPA with the LMA in paralyzed and anesthetized patients in regard to insertion success rate, insertion time, hemodynamic responses to insertion, and postoperative airway morbidity such as sore throat, dysphagia, and dysphonia when used by novice personnel.

Materials and Methods
=====================

The study protocol was approved by the Institutional Review Board (MD11017) and written informed consent was obtained from each patient. One-hundred fourteen patients aged 18-65 years and ASA physical status I-II, who were scheduled for elective surgery to be conducted under general anesthesia, who were enrolled into this study. Exclusion criteria were patients with morbid obesity (BMI \> 30), upper respiratory symptoms, restricted mouth opening below 2.5 cm, patients who were presented for head and neck surgery or thoracic surgery, patients at risk of pulmonary aspiration, and patients electing for surgery in the non-supine position.

In the present study, \'novice\' personnel are defined as someone who has previously used any kind of LMA or SLIPA less than 5 times. All of the \'novice\' personnel are residents in the department of anesthesiology and pain medicine. They received education according to the manufacturers\' instructions and watched videos on inserting the devices and learned by the demonstration of the principal investigator inserting each device 3 times. The insertion of assigned SGA was performed under the observation of the principal investigator. The principal investigator had 5 years experience with using the LMA and had used the SLIPA more than 50 times before this study. Only 3 attempts at insertion were allowed for each practitioner; otherwise they would not qualify as a novice for the purpose of this study. Nineteen residents enrolled and each practitioner inserted each of the 2 devices 3 times, therefore a total of 114 patients participated in this study.

We randomized the patients into the LMA group (group L, n = 57) and the SLIPA group (group S, n = 57) based on the random allocation rule as a kind of restricted randomization \[[@B6]\]. The principle investigator prepared 57 cards for each group, 3 for each of the practitioners. Cards were labeled from S1 to S19 and from L1 to L19, 3 of each, and then the cards were inserted into envelops and shuffled. S1 means the number 1 practitioner would insert SLIPA and L19 means the number 19 practitioner would insert LMA. To reduce the selection bias of random allocation rule \[[@B7]\] as much as possible, the principal investigator did not let the practitioners know how many insertions would be performed with each device. Patient group and practitioner allocation was concealed until 5-10 minutes before induction of anesthesia by the means of sealed envelopes. There was no difference between the 2 groups in terms of demographics (gender, age, weight, height) and anesthetic time ([Table 1](#T1){ref-type="table"}).

All patients received glycopyrrolate 0.2 mg and midazolam 2 mg intramuscularly about 30 minutes before induction as a premedication and were monitored by electrocardiography, non-invasive blood pressure and pulse oximetry in the operating room. Following preoxygenation for three minutes, anesthesia was induced by intravenous administration of thiopental sodium 5 mg/kg. After the loss of eyelash reflex and respiration, manual ventilation was started with oxygen at 8 L/min. Then manual ventilation was maintained with 100% O~2~ and 2.5% Sevoflurane at 8 L/min for 2 minutes after the injection of rocuronium 0.6 mg/kg. After confirming absence of motor response to jaw thrust, the assigned SGA was inserted into each patient. A jaw thrust was performed by the principal investigator to facilitate the atraumatic insertion. The size of the device was selected by the principal investigator based on the manufactures\' guidelines. The size of LMA classic was chosen based upon body weight; size 3 if the patient weighed under 50 kg, size 4 between 50-70 kg or size 5 over 70 kg. The SLIPA size was chosen by matching the width across the thyroid cartilage with that of the bridge of the SLIPA \[[@B2]\]. Water-soluble lubricant was applied to both devices. A pillow of 5-10 cm was positioned beneath each patient\'s head with the neck flexed and head extended. In group L, the cuff was fully deflated, held like a pen, and inserted while pressing against the palatophayngeal curve using the index finger \[[@B1]\]. In group S, the lubricated SLIPA was inserted with the bridge area collapsed by hand while lifting the patient\'s jaw with the other hand and pushed past the base of the tongue and clipped into position with the heel located in the nasopharynx according to the manufacturers\' instructions.

After inserting the device, we confirmed absence of gas leakage in the mouth under peak inspiratory airway pressure of 20 cmH~2~O during positive ventilation, breathing heard equally in both lungs, normal square waved capnography and absence of audible sound during epigastric auscultation. When all these criteria were satisfied, we determined that the insertion was successful. If the device was not advanced into the pharynx or not ventilated well due to airway obstruction or considerable air leakage through the oral cavity or esophagus was observed, we determined that the insertion failed and finished measuring the insertion time. If the first attempt at inserting the device was unsuccessful, manual ventilation was resumed with 100% oxygen and 2.5% sevoflurane at 8 L/min for 2 minutes to allow one additional attempt. If the second attempt was unsuccessful, it was recorded as an insertion failure and endotracheal intubation was performed.

When the insertion was performed, the insertion time was recorded. Insertion time was measured from the opening of the patient\'s mouth by the practitioner to when the first satisfactory breath of at least 7 ml/kg was obtained. The successful insertion time (the time to provide an effective airway) was the sum of the time taken for insertion at the first attempt and time taken for insertion at the second attempt until the insertion was successful excepting the manual ventilation time of 2 minutes. To compare the hemodynamic response to each device, heart rate (HR), systolic blood pressure (SBP), and diastolic blood pressure (DBP) were recorded at the baseline, just before insertion and just after insertion.

For all patients in whom successful insertion of SGAs was achieved, mechanical ventilation was started with tidal volume of 8-10 ml/kg, and respiratory rate of 10-14 breaths/min to achieve end-tidal carbon dioxide concentration of 30-40 mmHg. Anesthesia was maintained with nitrous oxide (N~2~O) 1.5 L/min, oxygen 1.5 L/min and sevoflurane 1.5-2.5%, and rocuronium was administered as required to maintain adequate surgical relaxation. In group L, the cuff pressure was set to below 60 cmH~2~O to reduce the risk of mucosal ischemia and nerve injury. At the end of surgery, 100% oxygen was supplied, and glycopyrrolate 0.4 mg and pyridostigmine 10 mg were injected intravenously to reverse neuromuscular block. When spontaneous respiration was established and the patient was able to obey command, all SGAs were removed in the operating room before transfer to the recovery room.

To assess postoperative airway morbidity, the patients were queried for sore throat, dysphagia, and dysphonia, both before they were transferred to the general ward from the recovery room, and after 24 hours. Sore throat was defined as pain or irritation in the throat at rest, dysphagia as pain or irritation when swallowing and dysphonia, as pain or irritation when vocalizing.

SPSS 17.0 was used for statistical analysis, Chi-square or Fisher\'s exact test were used for comparisons of two groups for the success rate and postoperative airway morbidity and unpaired t-test or Mann-Whitney rank sum test were used for the insertion times and hemodynamic data between the two groups. One Way Repeated Measures Analysis of Variance was used for comparisons of hemodynamic data within each group and Tukey test were used as post-hoc test. P values \< 0.05 were considered statistically significant. Sample size calculation was done by G^\*^ Power (version 3.0.1, Germany). Through the preliminary tests of 5 patients of each group, mean successful insertion time was calculated as 35.2 ± 8.5 sec in group L, 30 ± 7.1 sec in group S. The total sample size was set as 114 (57 per each group) calculated from an effect size of 0.66, a power of 95%, and α error of 0.05.

Results
=======

The SLIPA was successfully inserted in 96% of patients (55/57) and the LMA in 93% (53/57) (P = 0.408). First attempt success rates were 88% (44/57) and 77% (50/57) in the SLIPA and the LMA, but the difference was not statistically significant (P = 0.142). The successful insertion time in group S (33.4 ± 11.0 sec) was significantly shorter than group L (38.8 ± 16.6 sec) (P = 0.048) and the insertion time at the first attempt was also significantly shorter in group S (31.0 ± 6.3 sec) than in group L (34.7 ± 8.6 sec) (P = 0.013) ([Table 2](#T2){ref-type="table"}). The hemodynamic changes in each group showed the increase in HR, SBP, DBP just after insertion compared to just before insertion ([Fig. 1](#F1){ref-type="fig"}, P \< 0.05). There was no statistically significant difference between the two groups in the hemodynamic responses ([Fig. 1](#F1){ref-type="fig"}) and postoperative airway morbidity (sore throat, dysphagia, and dysphonia) ([Table 3](#T3){ref-type="table"}). There was no regurgitation of gastric contents or aspiration in the 2 groups.

There were 4 failures in group L. In 2 of these cases, the tip of the LMA cuff was folded. In the first case, the novice failed but the principal investigator was able to easily insert the device. In the second case, the principal investigator was also unable to insert the device, and endotracheal intubation was then performed. In the third case, failure was a result of oral bleeding. The fourth patient developed a perilaryngeal leak despite successful insertion. In addition, endotracheal intubation was performed in the last 2 cases.

There were 2 failures of SLIPA application. In one patient, a leak occurred even though the SLIPA was inserted easily. It was replaced with a SLIPA of larger size that ventilated well, which constitutes a failure of selecting an appropriate size. In the second patient, 2 different sizes of SLIPA failed to be insert, so endotracheal intubation was performed.

Discussion
==========

SGA, which is easier to learn how to use than an endotracheal tube, has proved extremely useful in managing a difficult airway or during emergency resuscitation \[[@B8]\]. For these reasons SGAs are very useful for airway management when used by personnel who are unfamiliar with endotracheal intubation, but there are few reports about the usefulness of SLIPA as primary SGA for novice personnel during surgery under general anesthesia. Therefore, we focused particularly on the performance and efficacy of SLIPA by novice personnel in the present study. McCrirrick et al. \[[@B9]\] defined the \'novice\' airway provider as someone who has previously used LMA less than 15 times. However, in the present study, \'novice\' personnel are who has previously used any kind of LMA or SLIPA less than 5 times, because there was a short learning curve of about 13 cases for insertion of SLIPA in a previous study \[[@B10]\].

The performance and efficacy of SLIPA when used by novice personnel were reported in the following studies. Hein et al. \[[@B5]\] noted that first attempt success rates were 67% (24/36) and 83% (30/36) in the Soft Seal LMA (SS-LM) and the SLIPA by medical student with no experience of airway management. Choi et al. \[[@B11]\] noted that first attempt success rates were 93.3% and 73.3% in the ProSeal LMA (PLMA) and SLIPA respectively by a practitioner with PLMA experience, but little experience with SLIPA. Compared to PLMA insertion, SLIPA insertion took longer and was more difficult due to the relative lack of experience with the device and difficulty of selecting its appropriate size. However, in the present study, this difficulty was mitigated by having principal investigator choose the proper size.

In this study, first attempt success rates were 77.2% and 87.7% in the LMA classic and SLIPA and overall success rates were 92.9% and 96.4%. These results are similar to those found by Hein et al. \[[@B5]\], but slightly higher in both devices. We assume that the reason for the different results in these studies can be attributed for the difference in application method of SGA by medical students in the previous study had never used or been trained to use any airway device, whereas the residents in this study have been trained in the airway management despite lack of experience in using the LMA and SLIPA.

The insertion time at the first attempt, which represents the subjective ease of insertion, was significantly longer in group L than group S. The SLIPA, which has no cuff to inflate and fewer steps to remember for application than the LMA, might be easier to insert for novice personnel. Hein et al. \[[@B5]\] reported that the successful insertion time was significantly shorter with the SLIPA (40.6 sec) than with SS-LM (66.9 sec), and Tan et al. \[[@B12]\] found that the SS-LM took significantly longer to insert when compared with the LMA classic. From these 2 studies, we predicted that the difference in the insertion time between the LMA classic and SLIPA would be smaller than the difference between the SS-LM and SLIPA. In fact, in this study, successful insertion time was 38.8 ± 16.6 sec and 33.4 ± 11.0 sec in group L and group S respectively and has a significant difference.

A previous report, which was performed by a single investigator with LMA experience but no experience with SLIPA, has shown that SLIPA causes significantly higher BP response following insertion as compared to LMA \[[@B10]\]. Therefore we assumed that SLIPA, which is constructed of stiffer plastic material than the silicone of LMA, would cause more mucosal injury to the deeper pharyngeal structures and thus would cause higher BP and HR than LMA. However, in this study, there was no significant difference between the two groups in the hemodynamic response. The longer the insertion times of SGAs, the greater the risk of tachycardia and hypertension \[[@B13]\]. In the present study, the number of the second insertion required was greater in group L than in group S and the total insertion time took longer in group L. Therefore, it is considered that the hemodynamic instability of SLIPA shown in the previous study \[[@B10]\] might be offset by the longer insertion time of LMA in this study.

Concerning postoperative airway morbidity, its incidences according to Miller and Camporota \[[@B2]\] were 57%, 49%, 30% for an endotracheal tube, SLIPA, PLMA, respectively, and those according to Choi et al. \[[@B11]\] were 48% (14/29), 26% (8/30) respectively for SLIPA and PLMA. Therefore, it seems to be the SLIPA has a relatively high incidence of sore throat. On the other hand, in the present study, a relatively high rate of sore throat in group L might have been due to the pressure exerted on the pharyngeal structures by the cuff of the LMA \[[@B14]\]. In addition, when N~2~O is used to maintain anesthesia, its diffusion into the cuff of the LMA increases the pressure on the pharyngeal structures. Therefore close monitoring of the cuff pressure of LMA and keeping it low are necessary when N~2~O is used, however SLIPA does not have a cuff, thus it is not affected by the use of N~2~O. So this gives SLIPA an advantage over the use of LMA.

Airway management is of utmost importance in critical patients, for whom endotracheal intubation remains the mainstay. However, because it is a difficult skill to acquire and success rates in novices are unacceptably low, SGAs could become promising alternatives. Reinhart and Simmons \[[@B15]\] reported that LMA could be inserted more easily than endotracheal tube with shorter insertion time and higher success rate by novice personnel. The present study shows that novice personnel can use both LMA and SLIPA effectively after a short time of training, SLIPA especially has a shorter insertion time and similar success rate, hemodynamic changes, and postoperative airway morbidity as compared to LMA. In conclusion, the SLIPA could be a useful alternative to the LMA as primary SGA for novice personnel during surgery under general anesthesia.
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Values are expressed as mean ± SD or number. There were no statistical differences between groups.
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Insertion Success Rate and Insertion Time
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Values are expressed as mean ± SD or number. Group L: LMA group. Group S: SLIPA group. ^\*^P \< 0.05 compared with group L.
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Values are expressed as number. There were no statistical differences between groups. RR: recovery room. 24 hr: 24 hours after the end of surgery.
